A pulsed space propulsion system using position antimatter to induce Deuterium-Tritium fusion through an ultra-intense laser incident on a gold target is conceptually presented through fundamental performance analysis. As opposed to traditional strategies positron antimatter is considered rather than antiproton antimatter. Positron antimatter can be produced by an ultraintense laser incident on a high atomic number target, such as gold. The ultra-intense laser production of positron antimatter mechanism greatly alleviates constraints, such as requirements for antimatter storage imperative for antiproton antimatter. Also the ultra-intense laser and associated energy source can be stationary or positioned remote while the pulsed space propulsion system using position antimatter to induce Deuterium-Tritium fusion is in flight. Various mechanisms for antimatter catalyzed fusion are considered, for which the preferred mechanism is the antiproton hotspot ignition strategy. Fundamental performance analysis is subsequently applied to derive positron antimatter generation requirements and associated propulsion performance. The characteristics of the pulsed space propulsion system using position antimatter to induce Deuterium-Tritium fusion through an ultra-intense laser incident on a gold target imply a promising non-chemical propulsion alternative for the transport of bulk cargo to support space missions.
Introduction
The recent capability of ultra-intense lasers has enabled new strategies for nonchemical propulsion systems. For example, ultra-intense lasers have demon-strated the capacity to generate positron antimatter while incident on a high atomic number target, such as gold. LeMoyne and Mastroianni conceptually demonstrated an approach to achieving pulsed antimatter propulsion through the production of positron antimatter by means of an ultra-intense laser striking a gold target. A notable aspect of the proposed ultra-intense laser positron antimatter pulsed propulsion system is the decoupling of the propulsion apparatus and laser energy source proximity, for which the energy source of the laser can be ground based while the propulsion system is in flight [1] [2] [3] [4] .
Another non-chemical propulsion system incorporates photofission as a propulsive energy source. Photofission is resultant of ultra-intense laser energy incident on a high atomic number target, such as natural lead or uranium-238, which is a predominant isotope of uranium. Using a pulsed propulsion configuration LeMoyne and Mastroianni proposed a pulsed propulsion system incorporating photofission as the energy source for the propulsive fluid. An advantage of photofission is the use of naturally abundant target sources, such as natural lead or uranium-238 [5] .
Further observation of the characteristics were manifested in Project New
Orion as advocated by LeMoyne and Mastroianni. In contrast to the original Project Orion, which advocated a thermonuclear detonation of considerable magnitude, Project New Orion elucidated a more feasible perspective with regards to testing and evaluation. Using advanced energy conversion techniques, such as magneto-hydrodynamic generation, to provide an energy source for the ultra-intense laser, the system demonstrated the capacity to impart a kinetic energy impulse on a launch vehicle upper stage [6] .
Fission enables realizable pathways to non-chemical nuclear propulsion, such as conceptual designs for the NERVA rocket and Project Orion [7] [8] [9] . A representative fission reaction is demonstrated in Equation (1). However, issues can arise, such as the side effects of the fission byproducts and complex mechanisms for regulating the inherent neutron flux [5] [6] . Another serious consideration involves fission byproducts, such as strontium-89, which is chemically analogous to calcium [10] . 
Another mechanism for a nuclear reaction is fusion. Fusion offers a superior specific energy yield to fission. The byproducts of a fusion reaction are relatively cleaner by contrast to fission [10] . Equation (2) offers a representative perspective of a fusion reaction. Note that the mass of the fusion reactants and products are considerable less than the fission reaction. However, large scale and controllable fusion is a scientific aspiration pending fruition. Nuclear fusion generally requires a preliminary fission event of an extraordinary scale. The pending thermonuclear yield from uncontrolled nuclear fusion transcends the yield of fission-only strategies [11] .
Localized fusion catalyzed by antimatter offers a realistic pathway to a more controlled form of fusion propulsion. The current strategy involves the application of antiproton derived antimatter. This conceptual perspective has manifested in Ion Compressed Antiproton Nuclear (ICAN) system, which are conceptualized as ICAN and ICAN-II [12] [13] . However, storage and production of antiproton derived antimatter are debatable in terms of feasibility.
The application of positron antimatter derived from an ultra-intense laser incident on a high atomic number target, such as gold, offers the potential for remote generation of positron antimatter and the associated ultra-intense laser and energy source. As opposed to the requirement of an antimatter storage system, the positron antimatter can be generated on demand. Multiple mechanism pathways are available for antimatter catalyzed fusion. The objective of the research is to elucidate position antimatter catalyzed fusion by means of an ultra-intense laser through fundamental performance analysis. 
Preliminary Mission Concepts Incorporating

Fundamentals of Antimatter Induced Fusion
The foundational geometry for antimatter initiated fusion is a pellet consisting of materials amenable to nuclear fusion. These materials are arranged in a concentric manner. The antimatter incident on the pellet is sufficient to commence nuclear fusion [14] [15] [16] .
The characteristics of the fusion reaction can be a function of the selected ma- 
Positron Antimatter Derived by Ultra-Intense Laser to Initiate Fusion
LeMoyne and Mastroianni during 2014 disclosed a pulsed space propulsion concept incorporating positron antimatter derived by an ultra-intense laser. The antimatter propulsion system was based on the observation of Lawrence Livermore National Laboratory successfully generating positron antimatter through applying an ultra-intense laser incident on a gold target to generate antimatter [2] . The successful disclosure of pulsed space propulsion incorporating positron antimatter through the operation of an ultra-intense laser, establishes the basis for the presentation of positron antimatter initiated fusion pulsed space propulsion.
The pulsed space propulsion concept incorporates the fusion ignition of pellets suitable for producing a nuclear fusion reaction. The mechanism for the antiproton hotspot ignition will be applied with positron antimatter substituting antiprotons. The pellets will consist of a Deuterium-Tritium core with a peripheral concentric layer of Deuterium-Tritium and a suitable heavy metal, such as uranium, to serve the function as an ablator. The positron antimatter will be generated on demand through an ultra-intense laser incident on a gold target positioned at the periphery of the pellet.
A notable benefit to this described concept is the alleviation of an antimatter storage system. The positrons could be generated on demand as a function of activating the ultra-intense laser. Therefore mission complexities, such as antimatter storage and safety of antimatter transportation, are ameliorated. 
Ultra-Intense Laser for Generating Positron Antimatter
The 
Fundamental Performance Analysis of Positron Initiated Fusion Pulsed Space Propulsion through the Application of an Ultra-Intense Laser
In consideration of the capabilities of the Lawrence Livermore National Laboratory Titan laser, which is on the 10 20 W/cm 2 ultra-intense scale, 2 × 10 10 positrons can be generated with a roughly 1 ps pulse with laser beam incidence on an approximately 1 mm thick gold target. On the order of 90% of the generated po- Positrons and electrons have the equivalent rest mass (m), and (c) is the speed of light. Kinetic energy is conserved as kinetic energy is assumed to be elastic [10] [23]. With a positron energy of 2 MeV, the energy of each positron-electron annihilation event is derived to be 3.02 MeV [2] .
The rest mass of a proton and correlated antiproton is 938 MeV, so the proton-antiproton annihilation would be on the order of 1876 MeV [10] . Approx- Using positrons as an alternative to antiprotons to satisfy the energy thresholds for the antiproton hotspot ignition strategy would require on the order of 6.7 × 10 8 pulses from an ultra-intense laser. A notable feature of the proposed positron initiated fusion pulsed space propulsion through the application of an ultra-intense laser is the observation that this application only requires roughly one order of magnitude more of ultra-intense laser pulses when contrasted to the original positron antimatter pulsed space propulsion system published by LeMoyne and Mastroianni [2] .
A notable feature of the proposed positron initiated fusion pulsed space propulsion is the considerable propulsive exhaust velocity. The performance analysis assumes the resultant plasma generates the propulsive exhaust through expansion with an ideal nozzle, such as a magnetic nozzle. The derived exhaust velocity is 8 × 10 6 m/s with respect to the antiproton hotspot ignition mechanism [18] .
Since an ideal nozzle for expanding the propulsive flow is applied to the performance analysis, the exhaust pressure is assumed to approach the equivalent of the vacuum in space. Therefore the specific impulse is directly proportional to the acceleration of gravity as demonstrated in Equation ( The specific impulse for the positron initiated fusion pulsed space propulsion through the application of an ultra-intense laser is 8.2 × 10 5 seconds. The derived specific impulse of the positron initiated fusion pulsed space propulsion through the application of an ultra-intense laser using the antiproton hotspot ignition mechanism implies suitability for the transport of bulk materials in support of space missions.
Conclusion
A pulsed space propulsion system using position antimatter to induce Deuterium-Tritium fusion through an ultra-intense laser incident on a gold target has been successfully presented and elucidated through fundamental performance analysis. Previous applications advocating antimatter induced fusion have featured the role of antiproton antimatter. However many associated challenges, such as production, storage, and transport, impart considerable complexity. Positron antimatter can be derived from an ultra-intense laser incident on a high atomic number target through the Bethe-Heitler process. As previously demonstrated the use of ultra-intense lasers can decouple the laser and energy source from the in flight generation of positron antimatter. With a review of the means for deriving antimatter induced fusion the antiproton hotspot ignition mechanism was selected. The mechanism encompasses a pellet consisting of a DeuteriumTritium core and a peripheral concentric layer of Deuterium-Tritium and a suitable heavy metal, such as uranium, which functions as an ablator. Positrons are generated by ultra-intense laser incident on a gold target about the periphery of the pellet. Fundamental performance analysis derives a considerable specific impulse, which implies mission suitability of the proposed propulsion system for transport of bulk materials to support space missions.
